Research over the past few years has clearly demonstrated that infertile men have an increased frequency of chromosome abnormalities in their sperm. These studies have been further corroborated by an increased frequency of chromosome abnormalities in newborns and fetuses from pregnancies established by intracytoplasmic sperm injection. Most studies have considered men with any type of infertility. However, it is possible that some types of infertility have an increased risk of sperm chromosome abnormalities, whereas others do not. We studied 10 men with a specific type of infertility, asthenozoospermia (poor motility), by multicolor fluorescence in situ hybridization analysis to determine whether they had an increased frequency of disomy for chromosomes 13, 21, XX, YY, and XY, as well as diploidy. The patients ranged in age from 28 to 42 yr (mean 34.1 yr); they were compared with 18 normal control donors whose ages ranged from 23 to 58 yr (mean 35.6 yr). A total of 201 416 sperm were analyzed in the men with asthenozoospermia, with a minimum of 10 000 sperm analyzed per chromosome probe per donor. There was a significant increase in the frequency of disomy in men with asthenozoospermia compared with controls for chromosomes 13 and XX. Thus, this study indicates that infertile men with poorly motile sperm but normal concentration have a significantly increased frequency of sperm chromosome abnormalities.
INTRODUCTION
Intracytoplasmic sperm injection (ICSI) has been a revolutionary advance in the treatment of male infertility. However, there is some concern that infertile men may have a higher frequency of chromosomal abnormalities in their sperm and that ICSI may increase the risk of chromosomally abnormal offspring. A number of studies have demonstrated that infertile men with normal somatic karyotypes have an increased risk of aneuploid sperm [1] [2] [3] [4] [5] [6] [7] . This increased frequency of abnormalities in sperm appears to predict a real risk for abnormal offspring because a number of studies have demonstrated that men with increased frequencies of sperm chromosome abnormalities have produced chromosomally abnormal fetuses and children [8] [9] [10] . For example, in our own laboratory, a man with a high frequency of XY disomy in his sperm (14-fold higher than controls) subsequently produced a 47,XXY fetus after ICSI [8] . Also, recent follow-up studies on ICSI pregnancies have indicated an increased risk of sex chromosomal and autosomal trisomies [11] [12] [13] which are paternally derived, corroborating the results in sperm.
In most of the sperm studies to date using fluorescence in situ hybridization (FISH), men with various types of infertility have been lumped together. It is quite likely that some subsets of infertility have an elevated risk of sperm chromosomal abnormalities, whereas others do not. In this review, we studied men with asthenozoospermia to determine whether this type of infertility confers an increased risk of chromosomal abnormalities in spermatozoa.
MATERIALS AND METHODS

Patients
Patients with asthenozoospermia (Ͻ50% motility) were recruited from the University of Calgary Infertility Clinic [14] . Patients had two to three semen analyses performed by the infertility clinic to determine the diagnosis. All patients were within normal parameters for sperm count. Their ages ranged from 28 to 42 yr (mean 34.1 yr). All of the men had a normal 46,XY karyotype. The patients had no history of radiotherapy, chemotherapy, chronic illness, or medication. Patients gave informed consent and the research was approved by our institutional ethics board.
Control Donors
Control donors were normal men aged 23-58 yr (mean 35.6 yr) with no history of infertility, radiotherapy, chemotherapy, chronic illness, or medication [15, 16] . All donors had sperm counts within the normal range as well as normal sperm morphology, motility, and forward progression. All donors gave informed consent.
Probe Preparation
A chromosome 1-specific satellite III sequence, pUC1.77, generously provided by H.J. Cooke, of Edinburgh, Scotland [17] , and an X-specific ␣-satellite probe, kindly provided by E. Jabs of The Johns Hopkins University, Baltimore, MD [18] , were labeled directly with Fluoroblue and Fluorogreen (Amersham, Baie d'Urfé, QC, Canada), respectively, by nick translation. LSI SpectrumGreen 13, LSI SpectrumOrange 21, and CEP SpectrumOrange Yq were purchased from Vysis (Downers Grove, IL).
Semen Processing and FISH Analysis
Fresh semen specimens were collected in sterile containers and washed 3 times with 10 mM Tris 0.9% NaCl, pH 8. Washed sperm were resuspended in the small volume of liquid that remained after the supernatant was poured off; 0.5-1 l of suspension was then spread over a 1 cm 2 area 
on a microscope slide and allowed to dry at room temperature. Sperm were decondensed to 1.5-2 times the size of undecondensed sperm by immersion in 10 mM dithiothreitol (DTT)/0.1 M Tris for 20-25 min at room temperature, followed by immersion in 1 mM DTT/10 mM lithium diiodosalicylate/0.1 M Tris for 2-2.5 h at room temperature. Slides were briefly rinsed in 2ϫ SSC and allowed to air dry. The probe mixture for the hybridization of chromosomes 13 and 21 used 1 l of each probe and 8 l of LSI buffer (Vysis); XY1 hybridizations used 8 l of MM2.1 hybridization buffer, 1 l each of the X and 1 probes, and 0.25 l of the Yq probe. Slides and probes were denatured at 70-75ЊC for 5 min, the probe was snap-cooled on ice, and the slides were snap-cooled and dehydrated through an ethanol series (70%, 85%, and 95%) at Ϫ20ЊC before the probe mixture was applied to the sperm slide. Coverslips were placed over the hybridization area, sealed with rubber cement, and the slides were hybridized for 20-141 h at 37ЊC. Posthybridization was carried out in one 2ϫ SSC wash at 68-72ЊC, then slides were rinsed briefly in 2ϫ SSC/0.1% NP-40 (Sigma Chemical Company, Oakville, ON, Canada), air-dried at room temperature in the dark for 5 min, and mounted in antifade. XY1 slides were stained for 10 sec with 0.05 g/ml of propidium iodide before drying. No slide was scored unless the hybridization efficiency was greater than 98%.
Scoring of Sperm Nuclei
All slides were scored using a Zeiss Axiophot or Axioplan epifluorescence microscope (Zeiss, Don Mills, ON, Canada) equipped with a fluorescein isothiocyanate (FITC)/rhodamine dual bandpass filter set, a 4Ј,6Ј-diamidino-2-phenylindole (DAPI) single bandpass filter set, and an FITC/ DAPI/rhodamine triple bandpass filter set. Sperm were scored as disomic if same-colored signals were of similar intensity, size, and shape, and if both signals were clearly visible within the sperm. In addition, scored cells had a clearly defined border and were not overlapping or decondensed to more than twice the size of an undecondensed sperm. Due to the size of the Yq signal, a one-half domain criterion was used to score for YY disomy, whereas the X and chromosomes 1, 13, and 21 signals had to be a full domain apart in order to be scored as two separate signals. In other words, like-colored signals had to be separated by the diameter of one signal in order to be counted as disomic, except for Y chromosome signals, which had to be separated by only half of the diameter of the signal because the Y signal is so large. The signal for chromosome 1 functioned only as an internal control to distinguish between disomy for the sex chromosomes and a diploid cell.
Data Analysis
To compare frequencies between the infertile men and controls, the proportion that were abnormal and the standard error of the mean (SEM) were estimated for each group, taking the clustering within individuals into account. A Z-statistic was calculated [19] . All tests were 2-tailed.
RESULTS
Sperm parameters and ages of the infertile patients are presented in Table 1 (values from the most recent semen analysis were used). Individual results of sperm chromosome analysis on the 10 men with asthenozoospermia are presented in Table 2 . A minimum of 20 000 sperm was scored for each man (10 000 for 13, 21, and XY1) with a total of 201 416 sperm scored. There was a significant increase in the frequencies of disomy in the infertile men compared with controls for chromosomes 13 (0.24% vs. 0.13%) and XX (0.10% vs. 0.05%) (P Ͻ 0.0001 and P Ͻ 0.003, respectively, 2-tailed Z-statistic).
DISCUSSION
Infertile men as a group have an increased frequency of chromosome abnormalities in their sperm [1] [2] [3] [4] [5] [6] [7] . Furthermore, this increased risk pertains to chromosomally abnormal fetuses and children as well as sperm [11] [12] [13] . What has remained unclear is whether various types of infertility have different risks of chromosomally abnormal sperm. It is important that this be determined in order to accurately counsel these men.
In this study we analyzed sperm chromosomes in men with asthenozoospermia (Ͻ50% motile sperm). Unfortunately, it was impossible to isolate men with only asthenozoospermia, and eight of the men also had teratozoospermia (Ͻ30% morphologically normal sperm). Infertile men commonly have abnormalities in more than one sperm parameter, but none of our patients had oligozoospermia (Ͻ20 ϫ 10 6 sperm/ml), which has been the main focus of FISH studies in infertile men. We found a significant increase in the frequency of disomy 13 and XX sperm in asthenozoospermic men compared with control donors. If a sperm with disomy 13 fertilized a normal oocyte, an embryo with trisomy 13 would result. This is a clinically recognized syndrome (Patau Syndrome) in newborns, but the majority of pregnancies with trisomy 13 would result in spontaneous abortion. If an XX sperm fertilized a normal oocyte, this would result in a 47,XXX embryo. Individuals with a 47,XXX karyotype survive to birth and are physically normal, but 70% have serious learning disabilities [20] .
The increased frequency of disomy is modest at approximately double the risk in control donors, and thus it might be argued that it is of questionable clinical significance. However, a number of reports have now shown that relatively small (but significant) increases in the frequency of sperm cell aneuploidy have been associated with the birth of aneuploid children; for example, paternally derived Turner Syndrome in men with an increased frequency of sex chromosomal aneuploidy in sperm [10] and paternally derived Down Syndrome in men with an elevated frequency of disomy 21 in their sperm [9] . The increased frequency of chromosome anomalies in newborns and fetuses from ICSI pregnancies further strengthens this argument.
Most studies of infertile men have lumped together all types of infertility [1-3, 6, 7] or focused on men with oligoasthenoteratozoospermia (OAT) [4, 5, 21] , because this is a severe type of male infertility. All of the studies on infertile men with OAT have shown a significantly increased frequency of chromosome abnormalities in sperm. We have previously suggested that oligozoospermia might be the greatest risk factor [2] because quantitative problems in sperm production have been associated with pairing abnormalities in both the autosomes and the sex chromosomes. Because there is an increased frequency of pairing disruptions in infertile men resulting in partial or complete meiotic arrest [22] , it is possible that these pairing abnormalities in infertile men leads to aneuploidy in cells capable of completing spermatogenesis, and meiotic arrest in other cells, causing oligozoospermia. However, our results in the current study in men with asthenozoospermia and no oligozoospermia indicate that oligozoospermia is not the only determinant in the production of chromosomal abnormalities in infertile men. Rives et al. [6] studied 50 infertile men with various types of infertility, mainly OAT, and found that the sperm disomy frequency was directly correlated with the severity of oligospermia. They found no relationship between aneuploidy frequency and sperm motility or morphology, but only 6 out of 50 of their patients had isolated asthenozoospermia. Vegetti et al. [23] analyzed 113 734 sperm in 19 infertile men with abnormal semen parameters and normal karyotypes. Some of the men were similar to those in our study (one patient had asthenozoospermia and seven had asthenoteratozoospermia). In the overall group of infertile men, there was a significantly increased frequency of disomy for chromosomes 13, 18, 21, XX, YY, and XY; however, the study is not directly comparable to ours, because 9 out of 19 men had OAT. Nevertheless, these authors did find a significant negative correlation between sperm motility and the frequency of sperm chromosome aneuploidy. Thus, it is possible that any perturbation of spermatogenesis confers an increased risk of sperm chromosome abnormalities.
